Introduction Spinal stab wound injuries are quite rare and only few patients have been reported on the basis of MRI scan. Methods A 25-year-old man was stabbed at C1/2 and had an incomplete Brown-Sequard syndrome. He underwent surgical exploration because of CSF leakage on the fourth day.
Introduction
In parts of the world (e.g. in South Africa) spinal stab wounds (SSWs) occur quite frequently, but not so in Europe. However, according to a UK study [1] , these injuries are increasing in number. Thus, they deserve closer attention. In the US, spinal cord injuries (SCIs) make up only 2.6% [2] of all the trauma cases, of which fewer than 1.5% [3] [4] [5] can be attributed to stab wounds. The most reported site is the thoracic spine, followed by the cervical and the lumbar spine [3, 6, 7] . The craniocervical junction is rarely affected due to the anatomy of this region [8] [9] [10] .
Severe SSWs with neurologic deficit and CSF leakage are very rare entities at our department. Explicit treatment guidelines are therefore missing. Corresponding to the published data with an increasing incidence, more injured patients are expected. Thus, the enrolled case does not only give a detailed overview of the pathomechanism related to the anatomy but also figures out an investigation and therapeutic plan. Above all, we prove that the preoperative performed CT/ MRI images are in accordance with the intraoperative photos and are essential for planning the approach.
Case report
In the course of a fight, a 25-year-old man was stabbed with a knife in the neck and in the back. He was taken to the next local hospital and then transferred to our institution because of a right-sided hemiplegia. At his admission, he was somnolent but cooperative and showed stable vital signs despite a blood alcohol level of 1.8%. There were multiple clean-cut skin wounds (3 cm in length) from the neck to the thoracic spine level, including a lesion of the spleen. Neurologic examination revealed a slightly impaired motor function of the arm (grade 4/5) and a higher-grade paresis of the right lower limb (grade 3/5). The sensory examination indicated a hypaesthesia of the right side with spared sacral sensation and a normal anal sphincter tone. The deep tendon reflexes were present bilaterally. Repeated neurologic investigations did not show any deterioration.
A persisting cerebrospinal fluid (CSF) leakage from the upper wound was given a conservative treatment. A splenectomy was necessary to stop the continuous blood loss on the third day. The patient was kept analgosedated, because an increased discharge of CSF with a total amount of 400 ml per day made further treatment with an entire duraplasty mandatory [11, 12] on the fifth day. On the following day, the patient woke up. The neurologic assessment showed a deterioration of the best motor function to grade 3/5. Hypaesthesia had improved in general, but the right lower leg was still impaired. The impaired proprioception of the leg persisted until the patient's discharge from the rehabilitation ward 5 weeks later.
After a follow-up period of 32 months, the extremities had regained full and equal strength. In contrast to a diminished proprioception of the right foot, the ipsilateral hyposensitivity had fully recovered. Pain and temperature sensation of the contralateral side was normal (Figs. 1, 2, 3, 4).
Discussion
Stab wounds of the spine are significantly more common in South Africa, where 25% of all the patients with SCIs are affected thereby. The three largest series reporting over 900 cases of SSWs are from this region [3, 6, 13] . By comparison, most North American series describe the epidemiology of SSWs between 8 and 11% of all penetrating spinal injuries [14] [15] [16] [17] .
Spinal stab wounds usually present themselves in an acute form and show typical skin lesions.
However, there are patients who do not seek immediate medical attention. There are four reported cases of delayed SSWs, dating back between 4 weeks and 30 years after the stabbing [18] [19] [20] [21] .
There are several mechanisms of causing an acute neurologic deficit following spinal stabbing. The blade either damages neural elements of the spinal cord directly, causes infarction due to a lesion of the artery of Adamkiewicz [22, 23] , or, less frequent, a spinal epidural hematoma. In the case of a direct penetration, the patient is usually left with an incomplete spinal cord injury based on the anatomic bony singularity. The spinous processes in the sagittal plane and the transverse processes in the coronal plane form a gutter into the interlaminar space, so that the blade hits only one side of the spinal cord, always resulting in a Brown-Sequard variant [3] . At the cervicomedullary junction, the obliquity and thickness of the occipital squama deflect the stabbing instrument in order that it usually slides along the undersurface into the atlanto-occipital or atlanto-axial interspace [9] . Vertebral vessels may be damaged, if the blade is deflected towards the spinal canal. Possibly, it penetrates the dura, causing subsequent CSF leakage, pneumocephalus [12] and a lesion of the myelon. An association with Horner's syndrome [8] or a traumatic pseudomeningocele after cervical SSWs has been reported [24] . Vascular complications are embolisms, the development of aneurysms or arteriovenous fistulas [9] . The metal fragments of the weapon remaining in the myleon can transfix the spinal cord and induce myelopathy [19] [20] [21] . Cerebrospinal fluid leakage towards the skin is scarcely found, only in 4% of the cases [3] . CSF leakage lasting for more than 3-4 days may become life threatening on account of potential pneumocephalus [12] .
The diagnostic work-up should start with analyzing plain radiographs to exclude any metal fragment. Osseous lesions and free air can be best detected using a CT. If there is no metal fragment in the wound, magnetic resonance imaging (MRI) provides a superior view of the extent of injury [25] [26] [27] [28] . MRI traces the path the blade has taken through the soft tissue and shows foreign bodies. Moreover, it detects intraspinal hemorrhage, acute cord edema as well as contusions of the spinal cord. T2-weighted fat saturated and STIR (short tau inversion recovery) sequences are recommended; they are very useful in identifying ligamentous disruption and dural lesions (Figs. 5, 6, 7) .
Nevertheless, MRI findings do not have a great influence on the acute decision of whether to operate or not [29] . The majority of SSWs are treated conservatively, including a primary closure after local debridement, intravenous antibiotics and tetanus prophylaxis. Spinal infections are rare [6] .
Surgical exploration of a stab injury remains controversial [3-7, 18, 30, 31] but it is suggested for progressive neurologic deficit, an incomplete lesion or persistent CSF leaks for more than 4 days. A secondary deterioration is most often caused by an infection and usually makes drainage necessary [29] .
Besides, initial MR images help the radiologist to distinguish between an intradural or intraspinal hematoma with radiologic signs of cord compression and a complete cord injury. In the first case, an urgent evacuation is mandatory [3] , whereas a completely transected cord is managed conservatively. In the event of neurologic worsening, MR helps to detect a hematoma, an edema or an early infection on contrast scans. Moreover, retained metal fragments may entail a delayed neurologic deterioration because they have transfixed the cord or developed myelopathy [19] [20] [21] 26] . There are no current data available that could supply reliable information on the prognostic value of MRI scans in terms of the SSWs.
Our patient's plain radiographs of the cervical and thoracic spine do not demonstrate any fracture or retained foreign body. The CT scans exclude an osseous lesion and indicate a deep stabbing on the left side between C1 and C2. The MRI scans render perfect images of the extension of the wound. Penetrating the body from the left lateral, the blade drove horizontally into the interlaminar space. The dura was cut median and, along this direction, the myelon was injured right paramedian. In consequence of persistent liquorrhea, we performed a duraplasty through a partial laminectomy of the caudal aspect of the atlas. The intraoperative photos show a clean-cut myelon correlating with the MR images and the clinical findings of an incomplete Brown-Sequard syndrome. Due to a 4 days' delay in surgery and the circulation of the cerebrospinal fluid, the intradural hemorrhage could not be verified anymore (Figs. 8, 9, 10 ).
The prognosis of SSWs is better than that of blunt SCIs or gunshot wounds. Presented with incomplete SCIs, 66% of the patients have a good recovery [6, 13, 18] . The outcome of our patient concurs with the reviewed literature.
Conclusion
On account of the anatomy, the majority of SSWs induce a partial hemisection of the spinal cord and appear clinically most often as a Brown-Sequard variant.
MRI gives the most detailed view of soft tissue lesions in SSWs and is in accordance with our intraoperative findings. The prognostic value of MRI in regard to SSWs Fig. 8 Magnification of the dura lesion. On the ground the incision of the myelon is visible. 1 spinous process of C3, 2 right lamina of the axis, 3 area of partial laminectomy, 4 dura lesion, 6 retractor, 8 myelon Fig. 9 The myelon lesion is focused for the best view: the cut ends in the myelon. There is no bleeding whether of the myelon nor epi-/ subdural anymore. The suction tube is held in the left hand. 4 dura lesion, 8 myelon, 10 cut into the myelon, 11 suction tube remains uncertain. In the case of persistent liquorrhea, however, MRI is likely to be of great help to the surgeon in finding the dural defect. Fig. 10 Overview of the entire duraplasty before the wound is closed. A partial laminectomy of C1 was necessary to get enough intact dura for tight sutures. 2 right lamina of the axis, 3 area of partial laminectomy, 7 cotton pad, 12 duraplasty, 13 epidural fat, 14 suture
